The mid-domain effect (MDE) is a vital hypothesis to explain altitudinal patterns of species diversity of mountainous plants with different gradients, but it is bounded in terms of its application at the plant level. To verify the MDE hypothesis, we chose a typical mountain with obvious elevation gradients and considerable plant coverage as a study area in the east of the Loess Plateau and partitioned various elevation belts across this mountain.
145 we carried out new selections and surveys in experimental plots on this mountain for a period of one month. In 146 the horizontal direction, we chose the following study areas: northern Guancen Mountain, central Guandi 147 Mountain, and southern Wulu Mountain in the Lvliang mountain system with mean latitudes of 38.5° N, 37.5° 148 N and 36° N, respectively.
149
For each mountain in the vertical direction, experimental plots were established according to different 150 elevation gradients to conduct surveys on species diversity of plant communities. The plant communities were 151 divided into three biotypes: arbor, shrub and herb communities. In total, 21 elevation gradients were selected 
159
Along each gradient, quadrats with different areas were designed for investigation based on the type of 160 plant community. The area of the quadrat in the arbor community was 1000 m 2 (50 m×20 m), and 2 quadrats 161 were used. The quadrat area in the shrub community was 400 m 2 (20 m×20 m), and 4 quadrats were used, and 162 the quadrat area in the herb community was 1 m 2 (1 m×1 m), and 20 quadrats were used. Hence, the total 163 number of quadrats was 26, 24 and 280 in the arbor, shrub and herb communities, respectively. The species 164 surveyed in all plots were merged along each gradient, and growth indices of identical species were averaged 165 for statistical purposes.
2.3 Measurement of plant diversity
167 The methods adopted in the characteristic measurements of the plant communities here are accordant with 168 those in previous research. The measurement indices for the arbor species included species name, quantity, 169 diameter at breast height, basal diameter, height and crown breadth; those for the shrub species included 170 species name, quantity, height and crown breadth; and those for the herb species included species name, 171 quantity, height, frequency and coverage (data in Supplementary Table) . The main measurement tool was a 172 homemade aluminum quadrat frame with a size of 1 m×1 m (Fig. 2) , and its interior was separated into 100
173 grids 10 cm×10 cm in size.
174
In addition, during the measurements, arbor species with a height of less than 5 m were classified into the 175 shrub layer, and seedlings of woody plants were considered herbaceous plants. Finally, definite life forms of 176 various species were confirmed using a book called the Flora of China (the website is http://foc.eflora.cn/). The 177 specific measurement methods have been described in detail .
2.4 Data analysis
179 α-Diversity principally focuses on species number in a homogeneous habitat at local scales and is thus called 180 within-habitat diversity. At this scale, the major ecological factors that sustain diversity are niche diversity and 181 interaction among species, while niche diversity is closely related to environmental energy, and thus α-182 diversity has an intimate relationship with environmental energy. As a result, α-diversity is preferably used to 183 explain the MDE hypothesis.
In this study, with the purpose of further verifying the MDE hypothesis, (Table 1) . Not all of the functional relationships of the Richness index are significant 237 (P>0.05). In these relationships, the highest R 2 value is associated with a quadratic polynomial function, 238 according to which 34.11% of the variation in the Richness index is caused by altitudinal gradients.
239
All of the functional relationships of the Simpson index are significant with respect to the altitudinal 240 gradients (P<0.05), and the highest R 2 value is also associated with a quadratic polynomial function, which 278 Therefore, the relationships between shrub species diversity and altitudinal gradients accord with the 279 quadratic polynomial functions, and the amount of variation explained by altitudinal gradients reaches 62.84%
280 for the different species diversity indices. Species diversity indices tend to decrease with increased elevation 281 (P>0.05), indicating that most shrub species are primarily distributed at lower elevations, where species are 282 more balanced and stabilized and thus produce a distribution pattern of greater species diversity (Fig. 8) . 285 Similar to the shrub community, the arbor community also has a smaller distribution at different elevation 286 gradients, and its variation range is between 1 and 5 families (Fig. 9) . A family number of 3 is used as a 287 dividing line to separate the arbor community. Arbor communities with a family number higher than 3 develop 294 That is to say, the family number of the arbor community has a maximum distribution at lower elevations.
295
Across 13 altitudinal gradients of the arbor community, the highest importance value is obtained for 337 altitudinal patterns of species diversity to reveal changes in biodiversity along environmental gradients. In this 338 study, forest ecosystems were separated into three hierarchical structures: arbor, shrub and herb communities, 339 and then the altitudinal patterns and factors that influence species diversity of mountainous vegetation at the 340 plant level were determined. We discovered that correlations of species diversity with altitudinal gradients 341 conformed to unimodal change patterns for herb, shrub and arbor communities, which presented greater 343 developed at higher elevations, whereas more sedges occurred at lower elevations, and responses of the 344 importance values of arbor species to altitudinal gradients demonstrated the following variation patterns:
345 evergreen coniferous trees had higher importance values than deciduous coniferous trees, followed by 346 deciduous broad-leaved trees.
347
The width and range of species distribution along geographical gradients reflect species ecological 348 adaptability, diffusivity and evolutionary history (Kreft and Barthlott, 2006 394 diversity is caused by precipitation, which is the highest at intermediate elevations (Nor, 2001 ). Of course, the 395 species diversity of arborous plants responds to other altitudinal patterns. For example, species diversity 396 increased with increasing elevations in evergreen broad-leaved forests of Japan, but this pattern appeared 397 mainly at lower altitudinal gradients (Itow, 1991) .
398
There are many factors that affect the distribution of herbaceous plants, so the variations in species 399 diversity with elevation are complex. In Siskiyou Mountain in Oregon, USA, species diversity of herbaceous 400 plants had a significantly positive correlation with elevation. This correlation occurred mainly due to an 401 increase in the number of grass species, which was the primary reason that radiation was enhanced by a drastic 402 reduction in community coverage as a result of increased elevation, and consequently, there was an increase in 403 the species diversity of herbaceous plants (Dolezal and Srutek, 2002) . In this study, we also found that the herb 404 community exhibited higher species diversity at higher elevations; more weeds and grasses were distributed at 405 higher elevations, whereas more sedges were distributed at lower elevations. In addition, a decrease in species 406 diversity with increased elevation is a more familiar pattern for herbaceous plants, which exist in temperate 407 (Glenn-Lewin, 1977) and tropical (Vazquez and Givnish, 1998) forests. 
418
The major factors that control the distribution areas of species differ among different families and genera, 419 and thus the vertical distribution patterns of species diversity differ. For example, the distribution of fern and 420 Melastomataceae species is principally related to humidity, that of Acanthaceae and Bromeliaceae species is 421 correlated with temperature, and that of Araceae species is related to transpiration (Kessler, 2000) . Due to 422 various distribution patterns of these environmental parameters along altitudinal gradients, the distribution 423 patterns of species diversity show large changes with elevation (Kessler, 2000) . Research conducted in Gongga 424 Mountain, China, showed that the diversity of species with different floral components exhibited different 425 distribution patterns along altitudinal gradients due to differences in species origin (Shen et al, 2001 ). We also 426 discovered that family numbers in the herb and shrub communities on the Loess Plateau presented variation 427 patterns of MDE along the altitudinal gradient. However, the family number in the arbor community showed a 428 monotone decreasing pattern, and the importance values of dominant families in the shrub (Rosaceae) and 429 arbor (Pinaceae) communities exhibited changing patterns in contrast to MDE. In our study, only the family 430 numbers in the herb and shrub communities, as well as species diversity in the arbor community, conformed to 431 the MDE hypothesis. Therefore, we conclude that the MDE hypothesis of species diversity of mountainous 438 greater species diversity at higher elevations, and 41.42% of the variation can be explained, which does not 439 conform to the MDE hypothesis. Moreover, weeds and grasses occur mostly at higher elevations, whereas 440 sedges occur mostly at lower elevations, and the importance value of sedges is greater than that of weeds and 441 grasses.
442
The family number of the shrub community with Rosaceae as the dominant family also exhibits the MDE 443 pattern across altitudinal gradients, but the importance value of the dominant family shows the opposite pattern 444 for MDE with elevation, i.e., higher species diversity at lower elevations, and 62.84% of the variation can be 445 explained, which does not conform to the MDE hypothesis.
446
The family number and importance value of the arbor community with Pinaceae as the dominant family 465 Guancen Mountain, 6 quadrats were used for herbs, 1 for shrubs and 6 for arbor communities; at Guandi 466 Mountain, 5, 2 and 5 quadrats were used for herb, shrub and arbor communities, respectively; at Wulu 467 Mountain, the corresponding number of quadrats were 3, 3 and 2 in the herb, shrub and arbor communities.
468 FIGURE 2 Quadrat frame used in the experiment. The frame is made of aluminum, which is very light to 469 carry. In the interior of the frame, 100 grids were separated to accurately measure plant frequency and 470 coverage. Frequency was calculated by the number of grids in which a plant appeared divided by 100. 510 from 2 quadrats were initially merged at each elevation, and then these indices were calculated. One data point 511 from each elevation represented the index of species diversity. Therefore, 13 data points were used in the 512 curve-fitting analyses across the altitudinal gradients.
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